Introduction and Hypothesis: To report on clinical presentation, diagnosis, and outcomes after treatment of female urethral diverticulum (UD).
F emale urethral diverticulum (UD) is a rare and unique clinical entity with an annual incidence of 17.9 per 1,000,000(0.02%) per year. 1 Urethral diverticulum can be congenital or acquired. The diagnosis of UD may be suggested by a thorough clinical history and physical examination but often imaging is required to confirm the findings of clinical evaluation. [2] [3] [4] As a consequence of delayed diagnosis, women may encounter several complications, such as recurrent urinary tract infections, stone formation, and more rarely, malignancy. 2 Treatment options for UD can range from conservative management to extensive surgery including diverticulectomy, martius flap, and rectus fascia pubovaginal sling surgery. 5 The main aim was to report on the outcomes surgical management of UD. We also reported on the presentation and diagnostic modalities in those patients. We believe this study shall provide an insight about the trends in diagnosis and surgical treatment and its outcomes of UD.
MATERIALS AND METHODS
This is an observational study that included women who underwent surgery for UD at Mayo Clinic from January 1, 1980, through December 31, 2011. This study was approved by Mayo Clinic Institutional Review Board. The article is written in accordance with The Strengthening the Reporting of Observational Studies in Epidemiology Statement. 6 An electronic record linkage system was used to identify the women who received a new diagnosis of UD from January 1, 1980, through December 31, 2011. Only female patients who were 18 years or older at the time of their initial diagnosis were included. We conducted a search using the International Classification of Diseases, Ninth Revision, Clinical Modification codes. The codes used were: 599.2 for diagnosis of "urethral diverticulum," 599.5 for diagnosis of "prolapsed urethral mucosa," and 599.84 which include "other specified disorder of the urethra." 7 Another search was also performed using the following Hospital International Classification of Diseases Adapted codes: 05994110 for "rupture, urethra, nontraumatic"; 05994210 for "prolapse, urethra, nos"; 05994300 for "sacculation, urethra"; 05994310 for "outpouching urethra (cystic)"; 05994320 for "diverticulum, urethral"; 05994710 for "cyst, urethra"; and 05994712 for "cyst, urethral gland." Verification of the retrieved cases was conducted through chart review. The details can be found in our previously published study describing the incidence of UD with 16 patients who were used in the prior epidemiologic incidence publication were included in this study. 1 Data on patient demographics, clinical presentation, diagnostic testing, and management were abstracted on all included women. For the subgroup of women who underwent surgery for UD, operative reports were reviewed and details about the surgical approach, intraoperative and postoperative complications, and concomitant procedures performed were reported. Outcomes after surgery including recurrence of UD and reoperation for recurrence after surgery were assessed. The primary outcome was recurrence of UD, which was defined by the presence of UD as detected on clinical examination and confirmed by radiologic imaging after primary surgery. The temporal trends in the type of radiologic imaging used to diagnose UD were studied. The outcomes after surgery were also compared over the different time intervals during the study period. In women who underwent a concomitant or an interval anti-incontinence procedure, the clinical presentation at baseline, indication of anti-incontinence surgery, and effect on postoperative urinary incontinence was noted. Finally, the factors that were thought to affect the recurrence of UD after primary surgery, such as demographic variables, presenting symptoms and signs, and timing of surgery, were compared between women with and without recurrent UD. Logistic regression was used to identify factors predicting recurrence of UD after primary surgery.
Statistical Methods
Normally distributed continuous variables were reported as mean and standard deviation, whereas median and range were used to report non-normally distributed continuous variables. Categorical variables were reported as number and percent (%). Among the women who underwent surgical treatment, the cumulative incidence of subsequent surgery for treating UD was calculated using the Kaplan-Meier method. The time to event was selected to adjust for the difference in the duration of follow-up between different subgroups and to compare outcomes of surgery before and after 2000. Logistic regression models were used to identify independent predictors of reoperation for recurrent UD after primary surgery. All variables that had an odds ratio of less than 0.2 in the univariate analyses were considered for the multivariate regression along with all known risk factors that were reported in the literature. We also consider the year of the surgery in the analysis to represent the changes in clinical and surgical practices. All statistical tests were 2-sided, and P values less than 0.05 were considered statistically significant. Statistical analysis was performed using JMP version 10.0 (SAS Institute Inc, Carey, NC).
RESULTS

Identification of the Study Cohort
From January 1, 1980, through December 31, 2011, a total of 595 women, aged 18 years or older, were identified as having an International Classification of Diseases, Ninth Revision, Clinical Modification or Hospital International Classification of Diseases Adapted diagnosis code suggestive of UD. The diagnosis of UD was verified in 182 women after chart review. Of these, 164 women were newly diagnosed UD and were included in the current study.
Presentation and Diagnosis of UD
The median age at diagnosis was 46 years (range, 21-83). The most common presentation was recurrent urinary tract infection (UTI) reported in 98 (59.8%) women, followed by urinary incontinence in 81 (49.4%), dysuria in 62 (37.8%), dyspareunia in 37 (22.6%), and hematuria in 15 (9.1%) women. Among the 81 (49.4%) women who had urinary incontinence, 16 (9.9%) had stress urinary incontinence, 12 (7.3%) had urgency urge incontinence and 53 (32.3%) had mixed urinary incontinence. Physical examination revealed vaginal mass in 55 (33.5%) of the women (Table 1 ).
In 9 (5.5%) women, the diagnosis of UD was made intraoperatively. These women were undergoing surgery for other indications (hysterectomy for endometrial cancer in one, and cystectomy with urinary diversion surgery in one, and stress urinary incontinence in 7 women,). The remaining 155 women were diagnosed before surgery. The following imaging modalities were used to confirm the diagnosis of UD: double-balloon urethrogram in 58 (37.4%) women, magnetic resonance imaging (MRI) in 52 (33.5%) women, and computed tomography (CT) in 16 (10.3 %) women. A significant trend was noted toward an increase in the use of both MRI and CT (P < 0.001) to diagnose UD over the period of the study. Magnetic resonance imaging was used as the confirmatory test in 32 (53.3%) of 60 women for diagnosing UD between the years 2000 and 2011. With the shift toward MRI, there was a significant trend in progressive decrease in the use of urethrogram (P < 0.001) for diagnosis of UD, which was the most prevalent diagnostic modality in the 1980s. Thirty-one (51.7%) of 50 women underwent double balloon urethrogram to confirm the diagnosis of UD in the 1980s as compared with only 10 (16.7%) of 60 women after the year 2000. An image of a saddle-shaped UD, which was diagnosed by MRI is shown in Figure 1 .
Treatment for UD
Of the 164 women that were included, 50 (30.5%) women were treated conservatively and did not require surgical management at the time of consultation. The remaining 114 (69.5%) women underwent surgical treatment. Of the 114 women who underwent surgery, information on follow-up was available for 82 (71.9%) women. Of these, 72 women who had follow-up documented at least for 6 months after surgery. The median duration Transvaginal diverticulectomy was the most common procedure performed in 95 (83.3%) women ( Fig. 2) , followed by marsupialization of the distal diverticulum in 17 (14.9%) women (Fig. 3 ), and transabdominal diverticulectomy in 2 (1.8%) women. Surgeries were performed by urologist in 62 (54.4%) cases and by a gynecologic surgeon in 52 (45.6%) cases. A Martius fat pad flap was used in 9 (7.9%) cases and urethral reconstruction was required in 18 (15.8%) cases. The decision for performing a Martius fat pad flap was made due to the extensive nature of dissection and the lack of adequate periurethral fibromuscular tissue needed to perform a layered closure. One of the 9 cases with Martius fat pad flap also involved urethral reconstruction. The intraoperative and postoperative complications of surgery included urethrotomy in 8 (7.0%), urethrovaginal fistula in 1 (0.9%), urethral stricture in 1 (0.9%), and persistent pain in 7 (6.1%) women.
Stress Urinary Incontinence and Incontinence-Related Surgery
A concomitant procedure for treating incontinence was performed in 21 (18.4%) women. The autologous rectus fascia pubovaginal sling was the most common anti-incontinence procedure performed (16, 76.2%), followed by Marshall-Marchetti-Krantz (4, 19%) and cadaveric fascia pubovaginal sling (1, 4.8%). Among the 21 women who underwent concomitant antiincontinence procedure, 8 had stress urinary incontinence, 8 had stress predominant mixed urinary incontinence, 1 had urgency urinary incontinence, and 4 women did not report any urinary incontinence at baseline. In these 4 women, the decision to perform an anti-incontinence procedure was made intraoperatively in view of extensive periurethral dissection that involved the sphincter mechanism. In these 21 patients, follow-up data were available on 16 (76.1%) women with a mean follow-up duration of 25.7 (SD = 16.8) months.
Eighty-four women did not present with symptoms of urinary incontinence at baseline. Forty-nine women in this cohort underwent surgery for UD, and 35 women were treated conservatively. Of the 49 women undergoing surgery, 4 underwent concomitant anti-incontinence sling procedure as indicated before. Among the 45 women who did not have baseline urinary incontinence and did not undergo a concomitant anti-incontinence procedure, information on follow-up after surgery was available in 27 (60%) women. Three women (11.1%) reported de novo postoperative urinary incontinence, and only 1 (3.7%) had to undergo a sling procedure for stress urinary incontinence. The remaining 23 women (85.2%) had continued follow-up with no evidence of stress urinary incontinence requiring evaluation or treatment.
Recurrence and Recurrence-Related Reoperations After Primary Surgery
One hundred fourteen women underwent surgery for treatment of UD, and 14 (12.3%) women presented with recurrent UD postoperatively. In majority of the women (11, 9. 64%), the recurrences were diagnosed within 5 years of the primary surgery. Repeat surgery for recurrence of UD was performed in 10 (8.8%) women. The cumulative rate of recurrent UD was 23.4% (95% confidence interval [CI], 13.9-37.0), and the cumulative . However, the difference was not statistically significant (P = 0.269) ( Table 2 ). The 5-year cumulative rate of re-operation for recurrent UD was significantly lower if the primary surgery was performed after 2000 as compared to women in whom the primary surgery was performed before 2000 (P = 0.021). (Table 2) . Univariate analyses were conducted in order to evaluate the risk factors predicting recurrence of UD. The presence of dysuria at baseline was the only factor that was associated with an increased risk of recurrent UD after the primary surgery (unadjusted odds ratio, 3.8; 95% CI, 1.1-12.8). The other clinical and demographic factors that have been previously shown to be predict recurrent UD did not reach statistical significance in either univariate analyses or the multivariable analysis (Tables 3 and 4 ).
DISCUSSION
This study reports on clinical presentation, diagnosis, and management of 164 cases of female UD from 1980 through 2011 at a single institution. We conducted a systematic review of the published studies in English language in MEDLINE, EMBASE, Cochrane Systematic Reviews, CENTRAL, Web of Science and Scopus databases for studies on "female urethral diverticulum" up to December 31, 2015. This study includes the largest number of women with UD in the last 30 years. Recurrent UTI was the most common presenting complaint in women with UD. Currently, MRI is the criterion standard diagnostic test that is used to confirm the diagnosis of UD. The overall rate of reoperation for recurrent UD was low with 17% of the women requiring surgery within 5 years. Finally, a significant reduction in the reoperation for recurrent UD after the primary surgery was noted for surgeries performed after 2000 as compared with those performed before 2000, which might be attributed to the increased use of MRI in diagnosis and preoperative planning for surgery.
In agreement with the previous studies, the diagnosis of UD in adults most commonly occurs in the fifth decade of 9 In 2005, Burrows and colleagues 10 reported a 3-fold increase in the surgical interventions among African American women as compared with white women. Only 4.9% of the women included in our study were African Americans. This hampered our efforts to study this prior finding and might have been a factor in reducing the overall incidence calculated for Olmsted County of only 17.9 per 1,000,000 (0.02%) per year. 1 The classic triad of "3 Ds" for diagnosis of UD includes dysuria, postvoid dribbling, and dyspareunia 11 ; this was not observed in our study. Recurrent UTI was the most common presenting symptom followed by dysuria, incontinence, and dyspareunia. The diagnosis of UD can be challenging because the symptoms mimic the irritative symptoms as seen with urinary tract infections. 12 Reeves and colleagues 13 studied a cohort of 89 women with UD over a period of 8 years and reported awareness of vaginal mass to be the most common presenting symptom.
In addition to a high index of suspicion from history and physical examination, there are many diagnostic modalities that can increase the probability of identifying a UD. These include voiding cystourethrography, positive pressure urethrography, urethroscopy, endovaginal sonography, transrectal sonography, postvoid radiograph, CT scan, and MRI. 14 A trend toward increased use of MRI over the period was observed in our study. This has been observed in other studies and currently, MRI is the criterion standard modality for diagnosis of UD. 2 In our cohort, 23.4% women had recurrent UD and 17% required repeat surgery for recurrence. Previous studies have suggested several factors to be associated with the need for repeat surgery for recurrent UD. These include history of previous repair, larger diverticulum (>4 cm), lateral or horseshoe-shaped diverticulum, proximal position, multiple diverticula, and prior pelvic or vaginal surgery. 15, 16 In our study, we only included primary UD surgeries, so we could not evaluate history of prior surgery of UD as a risk factor. We did not observe location and the size of the UD to be associated with reoperation for recurrence. Interestingly, reoperation for a recurrence was less common in larger UD (>3 cm) in our cohort. This might be explained by the fact that reoperation for recurrence is related to a persistent diverticulum, that could be part of the old UD but was missed in the prior surgery or be just a false observation related to small number of events in our study. Because MRI has higher sensitivity to detect small There is a known association between UD and stress urinary incontinence, and stress urinary incontinence is also a known complication after extensive UD surgery. 3, 17, 18 Unfortunately, due to incomplete follow-up related to continence of the patients included in this study, we could not provide strong evidence to support future practice. However, as shared by Reeves and colleagues, 13 in their publication in 2014, there is no current agreement on the best approach for managing stress urinary incontinence and the conduct of a concomitant anti-incontinence procedure. In our opinion, this decision has to be individualized based on patient preference and surgeons' experience until we have more evidence supporting this finding.
This study is limited by the retrospective design and the lack of data on patient reported outcomes. Due to the nature of the clinical practice in the earlier years of the study, postoperative checkups were not stringently required as compared with current practice. Therefore, no follow-up information was available on 32 of the 114 (28.1%) women who underwent surgery for UD. Nonetheless, follow-up data after surgery was available on the rest of the 82 patients (71.9%). In these 82 women, 10 were only seen once after surgery, 72 had a follow-up more than 6 months with a median follow-up of 12.4 months, and some patients had follow-up data up to 30 years. To address this limitation, we conducted a survival analysis and calculated rates for recurrence and reoperation at 1, 3, and 5 years. In addition, follow-up more than 6 months was available for 12 (85%) of 14 patients with recurrence and 60 (60%) of 100 patients without recurrence which indicates that we may be missing more women with recurrent UD that never came back to our institution for care and may have resulted in higher reported success rate. Another limitation specific to our multiregression analysis for identification of risk factors related to recurrence is the small number of patients who had recurrences (14 of 114). This made the analysis underpowered and limited our ability to include more than 2 risk factors in the final model. We also acknowledge that these women may have received subsequent treatment for the condition at a different institution, which may impact our recurrence rates. However, if the patient presented with urinary problems to other specialties within our institution, then the data were collected. Nevertheless, the study duration, including 30 years of data, provided enough numbers to allow an appropriate review of the diagnosis and management of UD in our institution. Finally, this study was conducted in 1 institution in the Upper Midwest, and the results might only be applicable to this specific region of the United States.
In conclusion, female UD is a rare and unique condition that requires high clinical suspicion for diagnosis and frequently needs multiple surgical interventions for treatment. Good planning for surgery including preoperative MRI might reduce the recurrence and need for reoperation. The results of this study will provide information about the rates of recurrence and reoperation for UD that would be helpful in counselling patients opting to undergo surgery. 
